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Abstract 
 
The results of study of ductile iron austempered using different parameters of austempering are presented. The aim of the investigations 
was to look closer into mechanical properties of this very attractive cast material. The experiment was carried out with commercial EN-
GJS-500-7 grade ductile iron. The specimens were first solution heat treated 1 hour in 910
oC and then isothermally quenched for different 
time in molten tin of different temperature. The mechanical properties heat treated specimens were tested using tensile test machine to 
evaluate Rp,0.2, Rm and A10. Moreover Brinell hardness tests were carried out for structure investigation conventional light microscopy only 
was used. It was discovered, that low yield strength ADI obtained for short time quenching at 275
oC exhibited high strengthening effect 
while tensile strained. So it was concluded that this had to by cause by large amount of untransformed austenite, which FCC lattice 
providing large number of glide systems. 
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1. Introduction 
 
Since 1985 when ADI was discovered it is one of the most 
promising iron - carbon cast alloys [1]. This is due to specific 
combination of high tensile and fatigue strength, toughness and 
wear resistance compare to the other grades of cast iron [1,2]. The 
most surprising example is the truck wheel made from ADI which 
is lighter than that from Al cast alloy [3]. The unique mechanical 
properties  are  obtained  applying  relative  simple  heat  treatment 
involving austenitizing at the temperature 850-950
oC followed by 
isothermal quenching at the temperature range of 250 – 400
oC.  
The  ADI  microstructure depends on heat treatment parameters, 
especially temperature and time of austempering and consists of 
three  main  components:  ferrite,  austenite  and  sometimes  some 
amount of martensite. This is very well known fact often meets in 
the literature in form of schema illustrating the relative proportion 
each component depends on time of austempering [4-6]. However 
it is very difficult to find in the literature the results of systematic 
investigations  concerning  the  microstructure  evolution  during 
isothermal quenching of ductile cast iron. 
The aim of this elaboration is to present our studies directed 
into find out what is happening in spheroidal graphite cast iron 
while austempered at relative low temperature, especially at early 
stages of the austempering process? 
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2. Experimental procedure 
 
The  commercial  EN-GJS-500-7  grade  ductile  iron  was 
selected  for  the  study.  The  casting  was  30mm  diameter  and 
230mm  length  rods.  From  these  castings  4mm  diameter  mini-
samples  for  tensile  were  cut.  The  samples  were  solution  heat 
treated 1h at 900
oC and then austempered at temperature 275
oC, 
325
oC and 350
oC for time 15, 30, 45, 90 and 180 minutes.. 
After heat treatment the specimens were grinded to remove 
surface  layer  thickness  of  0.1mm,  which  we  expected  to  be 
decarburized while solid solution heat treated. The specimen were 
tensile tested using Instron 1115 to evaluate yield strength –Rp,0.2, 
tensile strength - Rm and elongation - A5. For each heat treatment 
parameter three specimens were used. Except tensile test, Brinnel 
hardness measurements were carried out. In this case 2.5mm steel 
ball loaded 35s with force F = 187.5N was used. Microstructure 
observations  were  carried  out  on  metallographic  specimens 
prepared using conventional grinding and polishing which were 
etched  with  4%HNO3  solution  in  C2H5OH.  The  microstructure 
was observed in Olympus IX-70 light microscope using different 
magnifications and observations mode.  
 
 
3. Results 
 
3.1. Mechanical testing  
 
The results of mechanical testing were given in table 1 and 
their graphic illustration in figs.1 - 2. 
 
Table 1. 
Results of mechanical testing 
Austemperin
g 
time [min] 
Mechanical properties 
Rp, 0..2 [MPa]  Rm [MPa]  A10 [%]  HB 
275
 oC 
15  771  1463  2.03  412   4.8 
30  996  1466  1.97  416   5.9 
45  1125  1523  2.27  414   7.9 
90  1204  1514  1.57  412   7.1 
180  1247  1471  1.23  423   4.4 
325
 oC 
15  996  1270  2.70  354   8.9 
30  1040  1284  2.63  361   4.8 
45  1048  1288  2.53  347   4.2 
90  1018  1245  2.10  364   5.6 
180  1062  1271  2.17  361   5.6 
350
 oC 
15  841  1125  4.80  326   8.9 
45  898  1078  3.07  323   5.6 
90  921  1126  3.27  330   4.7 
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Fig. 1. The changes of tensile strength and ultimate yield stress 
with time of austempering at the temperature: 275
oC, 
b – 325
oC and c – 350
oC 
 
As could be expected, it follows from the graphs (fig.1) the lower 
austempering temperature the higher tensile strength R m of ADI. 
The values of Rm do not change substantially with austempering 
time. The most interesting is the course of ultimate yield stress Rp, 
0.2  with  austempering  time  for  isothermal  quenching  at 
temperature 275
oC, 325
oC and 350
oC. It is clear visible that this 
value is almost twice less than Rm while austempered 15 minutes 
at 275
oC and increase with austempering time increase (fig.1a). A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   S p e c i a l   I s s u e   4 / 2 0 1 0 ,   4 1 - 44  43 
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Fig. 2. Changes of elongation A10 - (a) and Brinell harness - 
(b) with time of austempering at the  temperature 275
oC, 
325
oC and 350
oC 
 
This is not the case for austempering at temperature 325oC 
and  350
oC  where  Rp,  0.2  values  are  almost  parallel  and  shifted 
down with respect to Rm (fig.1b and c). 
Looking  at  fig.2a  we  can  see  that  the  higher  austempering 
temperature  the  higher  elongation  of  ADI  what  should  be  not 
surprising.  The  elongation  decrease  continuously  with  time  of 
austempering, although drop in ductility is more pronounced the 
higher austempering temperature (fig.2a). 
Considering the course of Brinell hardness as a function of 
austempering  time  it  can  be  seen  that  this  property  does  not 
change substantially. As could be expected its value is the higher 
the lower austempering temperature. 
 
3.2. Metallography 
 
In this part selected photos illustrating the microstructure of 
ductile  iron  after  its  austempering  were  presented.  Since,  as 
follows  from  the  results  of  mechanical  testing,  the  most 
interesting is ductile iron austempered at the temperature 275
oC, 
its microstructure obtained for different austempering time were 
presented (fig. 3). As can be seen from fig. 3 the needle – like 
microstructure  is  visible.  Very  fine  bainitic  ferrite  needles  are 
visible  in  austenite  matrix,  which  proportion  is  continuously 
decreasing with increase of austempering time. Austenite amount 
decrease,  being  the  most  ductile  component  of  ausferrite, 
influence  ductility  of  ADI  which  is  represented  by  elongation 
during  tensile  test  experiment.  As  were  show  above  (fig.2a) 
ductility decrease with austempering time increase is observed in 
ductile iron after austempering at each temperature of isothermal 
quenching. 
 
a. 
 
b. 
 
c. 
 
Fig. 3. The microstructure of ductile iron austempered at 275
oC: 
a – 15 min, b – 45 and c – 180 min 
 
 
4. Discussion 
 
In  this  part  of  the  paper  we  concentrate  on  mechanical 
properties  of  ADI,  especially  the  relationships  between  its 
properties  obtained  for  given  time  at  different  austempering 
temperature. In fig. 4 the course of  R = Rm – Rp, 0.2 with time for 
each austempering temperature is presented. It is clear visible that A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   S p e c i a l   I s s u e   4 / 2 0 1 0 ,   4 1 - 44  44 
the  values  of  R  are  different  for  different  austempering 
temperature. 
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Fig. 4. The dependence of  R = Rm – Rp, 0.2 in ductile iron as a 
function of austempering time at temperature 350
oC 
 
These differences are the highest for short time austempering 
and  equals  690MPa,  400MPa  and  300MPa  for  15  minutes 
austempering  at  temperature  275
oC,  325
oC  and  350
oC 
respectively. The difference between tensile strength and ultimate 
yield stress decrease steeply with austempering time (fig. 4) and 
after  180  min  austempering  equals  approximately  200MPa  for 
austempering temperature studied in this elaboration. 
Now, what could be the reason of such specific properties of 
low temperature austempered ductile iron. If we take a look back 
to the microstructure changes (fig. 3) we discover that the fraction 
of  white  color  matrix  phase  decrease  with  austempering  time. 
This white phase is carbon stabilized austenite which as is well 
known posses FCC lattice. This crystallographic lattice provides 
many different glide systems and in spite of supersaturation with 
carbon provides high ductility of ADI. The large number of glide 
systems allows easy dislocation movement and lead to dislocation 
density  increase.  This  in  turn  leads  to  strain  hardening  effect 
resulting in high tensile strength value (fig.1a). As it is very well 
know  the  preliminary  (I  stage)  reaction  proceeding  during 
isothermal ductile iron quenching can be described as [7]: 
 
stage I  (C
o)       +  C(
supersaturated) 
 
where the product of reaction must not be stable, especially when 
very short time of low temperature austempering is applied. If the 
cooling rate after austempering is high enough non transformed 
austenite can transform into martensite which is very hard and 
brittle phase decreasing ductility of ADI. The specimens used in 
our  experiment  after  austempering  were  ejected  from  the 
quenching bath and cooled in air. The cooling rate was probably 
not  high  enough  for  austenite    martensite  transformation 
providing low yield stress value and relative high ductility. Above 
interpretation can be verified using TEM experiment but this is 
not  so  easy  because  many  experimental  problems  concerning 
either  thin  foils  preparation  and  observation  ferromagnetic 
materials [M.K] 
 
 
4. Conclusions 
 
On the basis of the experimental results including mechanical 
testing and structure investigations, following conclusion can be 
proposed: 
1. The  isothermal  quenching  at  the  temperature  275
oC  lead  to 
formation of high tensile strength and moderate ultimate yield 
stress ADI.  
2. The  ultimate  yield  stress  of  low  temperature  austempered 
ductile  iron  increase  continuously  with  increase  of 
austempering time. 
3. Increase of strength of low temperature ADI with while tensile 
from 771MPa to1463MPa results from strain hardening mainly 
of carbon supersaturated austenite. 
4.  The relative low ductility of ADI is caused by appearance of 
vermicular graphite precipitates [8]. 
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